The over-all significance of the hematogenous route of infection in the pathogenesis of human pyelonephritis is not yet clear, but its role seems definite enough to merit experimental study. It is the purpose of this report to describe the localization of Escherichia coli in rat kidney tissues after a single intravenous injection of bacilli.
The results are tabulated in Table 1 .
Urine cultures. In all cases the urine culture was sterile indicating that there was no infection in the kidney that would result in destruction of renal tissue with subsequent escape of E. coli into the urine. It does not appear that this strain of bacterium can pass through the undamaged glomerulus into the urine. per milliliter of rat blood), 30 minutes later the concentration of bacteria in the blood had decreased to 102 per milliliter. By 24 hours after inoculation, blood cultures were sterile in two of the five animals and by 96 hours, all blood cultures were sterile. The rate of disappearance of bacteria from the blood stream was not linear and became quite slow after six hours. Cultures of cortex and medulla. During the first two hours following inoculation, in every kidney the cortex contained a greater number of organisms than did the medulla. At four hours after injection of the bacteria, in two of the eight kidneys there were more organisms in the medulla than in the cortex, and at six hours after inoculation, and there-Bacterial localization in the kidney I PAPLANUS 75  76  77  78  79   80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96   97   98   99  100  101  102  103  104  105  106  107 after, the number of bacteria in the medulla was greater than the number in the cortex (Fig. 1) (Table 2 ).
The mean number of bacteria in the cortex decreased steadily, except for a slight elevation noted at 12 hours. At 96 hours, 28 of the 46 cortices were sterile; only one of the 46 medullas was sterile.
The mean bacterial count in the medulla also decreased, but after six hours this decrease stopped and at later intervals the bacterial population Early in the course of the bacteremia, the numbers of organisms in the two zones of the kidney roughly parallel the respective masses of those two zones. After six hours, however, the difference in bacterial count between cortex and medulla in the same kidney is exaggerated rather than explained by the size of the tissue sample.
It is generally accepted that hematogenous dissemination of bacteria to the kidney may result, under certain circumstances, in the establishment of pyelonephritis."4 A sufficient inoculum of a suitable strain of Staphylococcus aureus.? or Streptococcus fecalis7 injected into the blood stream of a normal rat leads almost invariably to renal infection. However, infection of the kidney by the intravenous route is not easily accomplished with E. coli, the organism responsible for the majority of human pyelonephritis. Except for rare instances,' when E. coli is injected into the blood stream of a normal animal, infection does not occur in the absence of some specific qualifying circumstances such as ureteral ligation,' external renal massage,' acidosis, severe inanition,'0 poisoning by certain chemicals," or renal scarring. ' In the absence of these predisposing conditions, when 108 E. coli are injected intravenously in a rat, bacteria will be recoverable from the kidney, liver, and spleen until the 7th to 14th day after injection, but no tissue damage occurs.! That the organisms in the kidney are potentially capable of producing disease was shown by Guze and Beeson,' who ligated one ureter of rats 24 hours after injection of the organisms, evoking ipsilateral pyelonephritis in five of seven animals.
We cannot say with certainty whether organisms such as S. aureus or enterococci which cause pyelonephritis after intravenous inoculation into normal rats are distributed between cortex and medulla in this same manner.
The localization of E. coli is of special interest since it has been shown that the medulla is far more susceptible to infection than the cortex. Rocha, et al.,' demonstrated that injury to the medulla followed by bacteremia results in pyelonephritis, while injury to the cortex followed by bacteremia does not. Freedman This difference in susceptibility to infection by the two areas may well be related to the efficiency in clearing the organisms suggested by the present experiments. Guzeq found that following the injection of rats with enterococci there was trapping of organisms by both cortex and medulla during the course of the bacteremia, but that the subsequent early pyelonephritic lesions were found in the medulla.
Histologic and other studies designed to locate the intrarenal bacteria more specifically are now in progress.
SUMMARY
Following intravenous administration of nonpathogenic Escherichia coli in the rat there is initial localization of bacteria in the renal cortex and the renal medulla, the ratio of organisms in the two sites being approximately equal to the ratio of the masses of the two sites. In the cortex there is progressive destruction of bacteria with cortical sterility beginning to be achieved at 24 hours after inoculation. In the medulla, by contrast, after an initial diminution in bacterial count there is multiplication of organisms and sterility does not occur until after the fourth day. These findings may be related to the proven greater susceptibility to infection of the renal medulla over the renal cortex.
